The crystal structure of a putative Gcn5-related N-acetyltransferase (GNAT) Ta0374 from Thermoplasma acidophilum, a hyperacidophilic bacterium, has been determined in an apo-form, in complex with its natural ligand (acetyl coenzyme A) and in complex with a product of reaction (coenzyme A) obtained by co-crystallization with spermidine. Sequence and structure analysis reveals that N-acetyltransferase Ta0374 belongs to a novel protein family PaiA involved in the negative control of sporulation and production of degradative enzymes such as subtilisin, neutral protease, levansucrase, α-amylase, and alkaline phosphatases. The crystal structure of Ta0374 confirms that it binds acetyl coenzyme A in a way similar to other GNAT and is capable of acetylating spermidine. Based on structural and docking analysis we suggest that Glu53 and Tyr93 are the key residues for the spermidine recognition. In addition, we find that part of the purification His-Tag in the apo-form structure of Ta0374 blocks binding of acetyl coenzyme A in binary complex and affects a chain-flip rotation of "motif A" which is the most conserved sequence motif among canonical acetyltransferases. The details of the Ta0374 structure, conformational changes, ligand-binding site provide insights into the biological function of Pai regulation.
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